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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S108Purpose: (Partial) Meniscectomy causes dramatic changes in knee joint
biomechanics. As a consequence, this surgical intervention generally
leads to the development of osteoarthritis (OA). Furthermore, the
majority of reports show that age is one of the most important risk
factors for OA development after meniscectomy. However, the mecha-
nisms how changed loading patterns lead to OA and how age related
changes in articular cartilage inﬂuence its response for increased
loading remains largely unknown.
Our previous ﬁndings showed that in young and healthy articular
cartilage, when subjected to compression, TGF-beta signals via type I
receptor ALK5 causing activation of downstream genes speciﬁc for
Smad2/3 signaling pathway. Since in aged articular cartilage there is
loss of type ALK5 leading to shift towards Smad1/5/8 signaling pathway,
we wanted to investigate how TGF-beta signals in aged articular carti-
lage when subjected to physiological and excessive loading.
Methods: Full-thickness articular cartilage specimens were cored from
metacarpophalangeal joint surface of two different age groups of
cows(juvenile of 1 year old and aged of 8- 12 years old) . All explants
were allowed to equilibrate for 48 h in static, serum free culture
conditions. Explants were divided into two stimulation groups: 30 min
stimulation with 3 MPa (physiological load) and 30 min stimulation
with 12 MPa (excessive load). Unloaded cartilage was used as controls.
Stimulation groups were subjected to sinusoidal compression (1Hz)
using BOSE ElectroForce BioDynamic test system, in culture condi-
tions. After 2 and 6 hours cartilage samples were frozen and mRNA
levels of selected genes were examined using real-time polymerase
chain reaction (RT-PCR).
Results: In 2 hours after the stimulation there was signiﬁcant upregu-
lation of TGF-beta1 in both age groups when stimulated with 3 MPa but
also with 12 MPa compared to the static control. However, in young
articular cartilage this upregulation was more pronounced than in old.
In 6 hours after the stimulation, in young cartilage, TGF-beta was
upregulated in control group (when compared to 2 hours time point),
therefore the effect of stimulation was less pronounced. This was not
the case in aged cartilage where in both stimulation groups TGF-beta
was upregulated when compared to static control.
Examination of TGF-beta signaling pathways downstream genes
expression demonstrated that in 2 hours after the stimulation in both
age groups, 3MPa and 12MPa stimulation caused upregulation of PAI-1.
The level of upregulationwas higher in young articular cartilage but this
could be related to lower PAI1 expression in static controls of young
cartilage. In aged articular cartilage, PAI-1 upregulationwas caused only
by 12MPa stimulation. Stimulationwith both physiological (3 MPa) and
excessive loading (12 MPa) showed no effect on ID1 expression when
measured in 2 hours in both age groups. However in 6 hours after the
stimulation in 12 MPa compression group ID1 was down-regulated in
both age groups.
Conclusions: Unexpectedly many changes in expression of genes
caused by repetitive loading did not depend on the amount of force that
was applied in our experiments.
Mechanical compression with physiological and excessive forces
affected similar TGF-beta-signaling related genes in young and old
cartilage, however, in young cartilage with a greater magnitude.
Although ALK5 expression is decreased in aged articular cartilage,
loading is still able to activate PAI-1, indicating activation of the Smad2/
3 signalling pathway. This indicates similar but not equal stimulation of
TGF-beta signaling in different age groups. Since activation of protective
TGF-beta signalling by loading was higher in young cartilage this might
indicate that the protective effects of laoding are more pronounced in
young cartilage than in old cartilage.188
AMINO ACID RACEMIZATION REVEALS A HIGH STATE OF REPAIR IN
KNEE COMPARED WITH HIP OSTEOARTHRITIC CARTILAGE
J. Catterall, R. Zura, M. Bolognesi, V. Kraus. Duke Univ., Durham, NC, USA
Purpose: After synthesis, proteins undergo age dependent non-enzy-
matic post-translational modiﬁcations such as amino acid racemization
and deamidation. Many cartilage proteins have long half-lives, so are
prone to accumulation of post-translational modiﬁcations with age.
During previous studies we quantiﬁed protein racemization in whole
cartilage; osteoarthritic (OA) cartilage appeared to accumulate race-
mized amino acids at a slower rate than normal cartilage suggesting
higher turnover of cartilage with OA. Our recent work with deamidated
COMP showed greater accumulation of this post-translationallymodiﬁed protein in hip OA than knee OA suggesting higher turnover of
cartilage extracellular matrix in knee joints. The goal of this study is to
conﬁrm and expand upon our earlier investigations of protein turnover
in health and disease through investigation of protein racemization in
soluble (mainly aggrecan) and insoluble (mainly collagen) cartilage
fractions of knee and hip non-OA and OA joints.
Methods:With IRB approval, cartilage was collected at the time of joint
replacement for OA or trauma surgery. OA tissue was split into
macroscopically lesioned and normal (remote from lesion) regions.
Cartilage was pulverized and extracted in 4M guanidine HCl to isolate
soluble proteins; the extracted residual cartilage represented the
insoluble protein fraction. Samples were hydrolyzed in 6M HCl, ﬂuo-
rescently labeled and both the non-racemized (L) and the racemized (D)
forms of the amino acids Asx (Asp and Asn) and Ser were quantiﬁed
using reverse phase HPLC. Data were expressed as a ratio of D/(D+L).
The association of racemized proteinwith agewas determined by linear
regression; statistical differences in racemized protein content between
joint sites was analyzed using a multivariable model with age as
a covariate.
Results: In non-OA cartilage amino acid racemization was associated
with age: insoluble Asx (p¼0.0006, r2¼0.61) and Ser (p¼0.01, r20.39)
and a trend for soluble Asx (p¼0.05, R2¼0.35). Remote OA cartilage from
both joint sites showed similar associations with age: insoluble Asx
(p¼0.0002, R2¼0.32) and Ser (p<0.0001, R2¼0.40) and a trend for
soluble Asx (p¼0.06, R2¼0.09). Lesioned OA cartilage however only
demonstrated a weak association with age based on insoluble Ser
(p¼0.03, R2¼0.16). While hip OA fractions demonstrated signiﬁcant
associations of racemized amino acids with age, no signiﬁcant associ-
ations with age for any of the knee fractions: hip remote insoluble Asx
(p¼0.06, R2¼0.19) and Ser (p¼0.01, R2¼0.34), lesion soluble Asx
(p¼0.03, R2¼0.66) and Ser (p¼0.04, R2¼0.62). Accounting for age, hip
had a signiﬁcantly higher content of racemized amino acids compared
with knee: remote insoluble Asx (p<0.0001) and Ser (p<0.0001),
remote soluble Asx (p¼0.001).
Conclusions: Our data on OA lesional cartilage demonstrates a loss of
the normal age-related increase in racemization that is particularly
striking for the knee. Comparedwith knee, the hip soluble and insoluble
cartilage fractions had a higher content of racemized amino acids. Taken
together, these data strongly suggest that protein turnover increases in
OA, particularly at sites of OA lesions. These data further demonstrate
that hip OA cartilage turns over more slowly than knee OA cartilage;
conversely, these data are compatible with a less robust reparative
anabolic response in hip OA compared with knee OA. These results
suggest that effective treatment of hip OA may require anabolic stimuli
in addition to anti-catabolic stimuli. Effective treatment of knee OAmay
require mainly anti-catabolic treatment strategies given the apparent
underlying evidence of the ongoing repair and high turnover state in
knee OA.
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PERSISTENT EXPRESSION OF COL2A1 EMBRYONIC ISOFORMS
DISRUPTS CARTILAGE MATRIX ASSEMBLY AND ALTERS BONE
PROPERTIES
S. Ravindran y, L. Wirthlin y, U. Hansen z, M.J. Silva y, R.J. Fernandes x,
A. McAlinden y. yWashington Univ., St Louis, MO, USA; zUniv. of
Muenster, Muenster, Germany; xUniv. of Washington, Seattle, WA, USA
Purpose: To determine how the transition from embryonic (IIA) to
mature (IIB) Col2a1 isoform expression affects skeletal development
and homeostasis. A transgenic mouse model was utilized that has been
engineered to express only embryonic IIA isoforms of Col2a1 during
pre- and post-natal development. The clinical signiﬁcance of this model
is apparent from observations that IIA collagen is expressed in engi-
neered cartilage tissue and re-expressed in human osteoarthritic
articular cartilage.
Methods: A splice site targeting approach was used to generate a global
knock-in mouse model to inhibit the developmentally-regulated IIA-to-
IIB splicing event and drive persistent expression of IIA collagen iso-
forms in vivo. RT-PCR and immunohistochemistry (IHC) was carried out
to determine the Col2a1 splicing patterns in heterozygous (ki/+) and
homozygous (ki/ki) knock-in mice at different time-points of develop-
ment (E12.5 - P70). IIA procollagen processing patterns were analyzed
by Western blotting using an antibody recognizing the exon 2-encoded
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electron microscopy (TEM) was carried out on ultra-thin sections of 1
mo articular cartilage and trabecular bone. Cartilage cross-links were
analyzed by speciﬁc antibodies (10F2, 5890) in P8 epiphyseal cartilage.
Trivalent pyridinoline cross-links were analyzed in cartilage from P8
ribs by HPLC and ﬂuorometry. To determine bone mass and mechanical
properties, micro-CT analysis and 3-point bending was carried out on
femurs from 4moWT, ki/+ and ki/ki mice. Differences in bonemass (BV/
TV) were calculated using the Student's t-test (n¼8-9; p < 0.05).
Results: Homozygous ki/ki cartilage contained only IIA mRNA isoforms
at all pre- and post-natal time points analyzed; no IIB mRNA was
detected. Both IIA and IIB isoforms were detected in ki/+ cartilage. IHC
showed persistent expression of IIA protein in the ECM of ki/+ and ki/ki
articular cartilage, growth plate cartilage and trabecular bone up to 10
wk of age. IIA procollagen is processed similar to IIB procollagen, at least
in P7 cartilage. However, thick, abnormally shaped ﬁbrils were detected
in 1 mo ki/+ and ki/ki articular cartilage, some of which appeared fused/
aggregated. Western blot analysis showed the presence of cartilage-
typic cross-links. However, analysis of rib cartilage showed a decrease in
trivalent pyridinoline cross-link content compared toWT (60% decrease
in ki/+; 16% decrease in ki/ki). Micro-CT analysis revealed increased
(48%) trabecular bone mass in 4 mo femurs of ki/+ mice. A similar trend
was detected in ki/ki bone, albeit not signiﬁcant. A signiﬁcant increase
in cortical bone mass was detected in both ki/+ (11%) and ki/ki (10%)
mice. Differences in collagen ultrastructure were also seen in 1 mo ki/+
and ki/ki trabecular bone compared toWT. Preliminary 3-point bending
testing of 4 mo femurs (n¼4-5) showed that, despite increased ultimate
force (strength), energy to fracture (measure of overall resistance to
fracture) was w50% less in ki/+ versus WT (ki/+ 4.9Nmm; WT:
10.5Nmm).
Conclusions: The Col2a1 isoform switch is necessary to regulate
collagen matrix assembly in cartilage. We hypothesize that alteration of
type XI collagen in this mouse model is causing the matrix assembly
defect. Col2a1 also encodes the alpha 3 chain of type XI collagen,
a minor cartilage collagen known to regulate collagen II ﬁbrillogenesis.
We predict that ki/+ and ki/ki cartilage matrix will be more susceptible
to degradation; this will be tested by application of the DMM model of
OA. These studies also highlight the importance of “cartilage collagens”
in bone development. We hypothesize that abnormal expression of
embryonic collagens II/XI in bone interferes with bone cell physiology.
Studies are underway to determine the mechanisms causing the bone
abnormalities and whether fracture repair processes are affected in
these mice.Ă190
EX VIVO AND IN VIVO MAGNETIC RESONANCE IMAGING OF
CARTILAGE CANALS IN SWINE AT PREDILECTION SITES OF
OSTEOCHONDROSIS
F. Toth, M.J. Nissi, J. Zhang, S. Schmitter, M. Benson, M. Garwood,
B. Hammer, J.M. Ellermann, C.S. Carlson. Univ. of Minnesota, St. Paul,
MN, USA
Purpose: Cartilage canals are minute channels present in the articular-
epiphyseal cartilage-complex (AECC) in growing humans and animals.
Failure of blood vessels contained within these canals has a key role in
the pathogenesis of osteochondrosis (OC) in animals and is presumed to
be important in the development of juvenile OC in humans. Investi-
gating the role of blood supply provided via cartilage canals in the
pathogenesis of OC is hampered by the lack of non-contrast imaging
modalities capable of visualizing these vessels in vivo. The purposes of
the present study were: 1) to use ultra high ﬁeld magnetic resonance
imaging (MRI) to visualize cartilage canals in intact femoral condyles
and humeral trochleae of young pigs ex vivo and compare the MRI
results with histology and micro-computed tomography (mCT) of the
contralateral, barium perfused limbs; and 2) to use similar techniques
to visualize these vessels in vivo.
Methods: For the ex vivo studies, the left pelvic and thoracic limbs of
three euthanized pigs, aged 1, 3 and 6 weeks, were perfused with
barium sulfate. Subsequently, the left distal humeri and femora (OC
predilection sites) were harvested and imaged using mCT. The right
distal humeri and femorawere harvested unperfused, and imaged using
susceptibility weighted imaging (SWI) at 9.4 T. After imaging, the right
distal humeri and femora were routinely prepared for parafﬁn
histology, and serial sections (5mm) were cut at 50 mm intervals. Images
of serial sections stained with HE or toluidine blue were stacked, andthe 3-D MRI data were resliced in a matching plane to allow compar-
ison. 3-D reconstructions of vessels were created from MRI data and
compared with 3-D reconstructions of the mCT data of the contralateral
limbs. For the in vivo studies, a 25-day-old pig was anesthetized and
both stiﬂe joints were imaged using SWI in a 7 T humanwhole bodyMR
scanner. After the completion of the MRI study, the pig was euthanized
and the femoral condyles were harvested and processed for histology as
described above.
Results: Vessels contained in the cartilage canals were clearly identiﬁed
in theMRI images (A) and their locations matched those observed in the
histological sections (B) both ex vivo (upper panel - distal humerus) and
in vivo (lower panel - femoral condyle).Barium sulfate perfusion enabled visualization of the vessels using mCT.
The location and course of the vessels detected in mCT images corre-
sponded closely with the ex vivoMRI results, however MRI appeared to
depict some vessels which were not visible using mCT.Conclusions: Visualization of vessels contained in cartilage canals was
successfully demonstrated in young swine both ex vivo and in vivo using
SWI at 9.4 T and 7 T, respectively. In contrast to previous studies
utilizing Gadolinium-enhancedMRI of piglets, SWI allowed detection of
the cartilage canals without the use of contrast media in intact speci-
mens. Imaging the cartilage canals using SWI primarily relies on the
difference in magnetic susceptibility between the extracellular matrix
and deoxy-hemoglobin contained in the cartilage canal vessels. The fact
that mCT identiﬁed fewer vessels than SWI was most likely due to
